'While the passage of the stomach tubeinthegreat majority of cases is an easy matter, it is questionable whether routine examination by this instrument is desirable.' So runs the opening sentence of Rehfuss's (1914) paper on fractional gastric analysis. Rehfuss was advocating the use of a narrower tube than was then customary, rather than questioning the value of gastric analysis, but many would now read his remark in the latter sense. To them 'test meals' have degenerated into a meaningless clinical ritual. This paper seeks to define the present-day diagnostic uses of the stomach tube.
If tests of gastric function are to mean anything it is essential that the tip of the tube should be in the body of the stomach. The odds that a casually inserted tube arrives in the stomach are little better than even. Some reach the duodenum; some fail to pass the cardia, and curl inthecesophagus. Most commonly, failure results from impingement of the tip of the tube in the cardiac portion of the stomach; further insertion forms a bight which advances into the stomach without taking the tip with it. From any of these situations, fluid may be aspirated and falsely assumed to come from the stomach. Radiographic check shows how common failure is, not only in my hands. Retief (1959) says that 28% of his 105 patients 'would have undergone gastric analysis with the tube in the lower cesophagus or duodenum, had the abdomen not been screened'. In a further 16% the tip was in the fundus rather than the body, so that the tube was imperfectly placed in a total of4 %.
Stomach tubes should be kept straight and not coiled or tied in knots. They should not be boiled.
The patient must if possible not be nauseated during their passage. Turning the patient prone before the tube passes the cardia nearly always overcomes the obstruction high in the stomach caused by the forward bend in its axis. If this fails, standing the patient upright usually succeeds, but may cause faintness in the fasting patient with inhibition of secretion. If force has to be used at any stage, or if, when the tube is apparently in place, it tends to return, satisfactory intubation has not been achieved.
For rigorous interpretation it is necessary to verify the position of the tip. A magnet-tipped tube has been described (James 1951) which can be located with the aid of a compass; its disadvantage is that the magnetic tip is too bulky to pass easily through the nose. A radiographic check is the most sure, but is inconvenient and obliges one to move the patient from his bed and adds to the number of uncomfortable manceuvres which may give him less stomach for the feast which is to follow.
The tube in place, it can be used either to sample the gastric contents or to remove them completely. Such removal may be once-for-all, giving the gastric volume at a particular moment, or it may be continuous after initial emptying, giving the secretory rate.
Only methods of measuring acidity will be considered here, because the enzymic, mineral and protein constituents of gastric secretion are not, as yet, of clear clinical importance. Acidity can be measured by titration or by determination of pH. Where acidity is high, titration is to be preferred; the highest acidities encountered in the stomach are in the neighbourhood of pH 1, where, as Hollander (1931) pointed out, the burette is far more accurate than the electrometer. No useful purpose is served by titrating to two different end-points to determine 'free' and 'total' acidity: in the highly acid specimens to which titration is best applied the exact pH of the end-point makes little practical difference; 7.4 seems the most logical. pH measurement comes into its own at lower acidities, and has its greatest use in cases where it is problematical whether acid is being secreted at all. For accurate determination, an electrometric method must be used, but much can be done with indicators. When testing for achlorhydria, it is possible, by bedside testing with Universal Indicator paper, to decide whether or not to give further histamine or to discontinue the test.
Achlorhydria
The detection of achlorhydria has been much used for confirmation of a diagnosis of pernicious anemia or subacute combined degeneration.
Measurements of serum vitamin-B12 level and of vitamin-B12 absorption with the isotopically labelled compound are more direct ways of detecting deficiency of thisvitamin, and of laying the blame for such a deficiency at the door of an absorption defect. To this extent they have displaced the testing for achlorhydria, but gastric analysis is less laborious, and differentiates between gastric and iptestinal defects.
For the diagnosis of achlorhydria it is particularly important that the intubation be accurate, and that the patient be not nauseated or made hypotensive during the procedure. Patients with pernicious anmmia are usually elderly, and care is therefore necessary to observe these prerequisites. Watkinson & James (1951) showed that the thenconventional dose of histamine, 0 01 mg/kg, was inadequate to exclude achlorhydria, and used up to four such doses, twenty minutes apart, following the progress of the test with indicator. 'augmented histamine test' uses 0 04 mg/kg preceded by 100 mg of mepyramine maleate. The antihistamine is said to suppress all effects except the gastric one, but these patients are flushed and often have a headache. The drug has the advantage of causing drowsiness, and the disadvantage of occasionally causing nausea and faintness (Retief 1959 ). Callender et al. (1960) showed that, after a large dose of histamine, acidity might rise significantly without reaching the turning point of T6pfer's reagent. Such patients evidently had some slight ability to secrete acid. By contrast, patients with pernicious anaemia showed insignificant changes of pH, and even, as a group, a slight shift to the alkaline side (mean 0-52 pH units). They suggest that achlorhydria should be diagnosed only if the acidity fails to alter by at least 1 pH unit towards the acid side.
Two points may be mentioned in parenthesis: (1) There is no need forpatients undergoingtestsof gastric function to spit out their saliva. The less they think about saliva the less they will secrete, and they cannot spit it all out. Provided the tube is passed through the nose, saliva may be ignored.
(2) Attention should be paid to carbon dioxide if it is necessary to measure the exact pH of anacid gastric samples. The gases in the stomach are in equilibrium with those in the blood; when samples are aspirated they are subjected to a subatmospheric pressure which is unmeasured but large, so that it would be useless to take steps to prevent the further escape of carbon dioxide from them. Equilibration with 5 % carbon dioxide is therefore necessary to determine the original pH in the stomach.
Peptic Ulcer
Gastric analysis had its classical application in peptic ulcer, but its value in the diagnosis of this condition is now generally discounted. The response to a meal as detected by the method of sampling and titration is too inconsistent to be reliable. The same is not true, however, of gastric ulcer, if the post-digestive period is studied, and if pH is measured. made such measurements in normal subjects and patients with gastric and with duodenal ulcer. Measurements of pH in samples taken hourly throughout the night, did not clearly differentiate patients with duodenal ulcer from normal controls. Two-thirds of patients with gastric ulcer, however, showed the phenomenon of nocturnal neutralization, a sharp fall of acidity to neutrality, or even slightly beyond, occurring after food had disappeared from the samples. Such a fall was rarely seen in normal controls. These findings have since been confirmed by Watkinson (1951) and by Ball (1961) , who have also made the important observation that the behaviour of acidity at night is related to the site of the ulcer in the stomach. Patients with ulcer in the body of the stomach usually show nocturnal neutralization, while those with antral ulcers do not. This neutralization is not, or at least, is not always, brought about by regurgitation of intestinal contents into the stomach. Nor is swallowed saliva responsible, since the chloride content of the samples would then be lower than it turns out to be. Patients who show nocturnal neutralization produce, in response to a large dose of histamine, a volume of secretion which may be large or small, but which tends to have a lower acidity than that from those who do not show this phenomenon (Ball 1961) . In terms of the two-component hypothesis of Hollander (1932) they tend to secrete relatively more alkaline than acid component compared with the minority group of patients whose stomachs remain acid. If they do this after histamine in the morning, it is a likely presumption, though still a presumption, that nocturnal neutralization is brought about by a secretion by the empty stomach at night of a relative excess of alkaline component.
These findings may help in deciding the type of resection to be used when operation is contemplated for gastric ulcer. On anatomical grounds a Billroth I operation is to be preferred. On the other hand, patients with duodenal ulcer are known to be subject to a higher rate of recurrence after this operation than after a Polya type of operation. This higher rate of recurrence is probably related to the much smaller reduction of acid-secreting capacity which follows the Billroth I operation. In the case of gastric ulcer, patients with antral ulcer are under the same disability with respect to the Billroth I operation as are those with duodenal ulcer, and for the same reasons; examination of gastric secretion may therefore help in making a choice, since ulcers are seldom certainly classified as antral or corporeal on the basis of radiograms. Ball & James (1961) have shown that nocturnal neutralization is associated with a widespread abnormality of the gastric epithelium, and time may prove that the ability to diagnose this abnormality is important with regard to prognosis. The test which they used was a combination of the nocturnal sampling method of James & Pickering and Kay's augmented histamine test. The tube is passed in the late afternoon and supper given at 6 p.m. Samples are taken every half-hour during the night, and in the morning the augmented histamine test is carried out. This combined test has the practical advantage that the tube is passed long before the measurement of maximal secretory capacity.
Gastric analysis differentiates patients with duodenal ulcer from normal only in a statistical sense. There is, however, one important diagnosis which it can help to make, namely that of the Zollinger-Ellison syndrome, in which a pancreatic islet adenoma, not of the beta cells, is associated with severe duodenal or jejunal ulceration and unusually high rates of acid secretion. These cases should be sought among patients in whom ulcers have recurred after resection, or whose ulcers are distal to the usual duodenal site, or in whom intestinal malabsorption is associated with symptoms of peptic ulceration. It is not established that the syndrome differs in nature rather than degree from duodenal ulceration with hypersecretion of acid. The adenomata of the pancreatic islets are often small, and sometimes there is only islet hyperplasia. These patients secrete large volumes of acid, as may be demonstrated by continuous aspiration of the stomach overnight, or by continuous aspiration during a measured time before food is taken in the morning. No upper limit of gastric secretory rate has yet been defined above which the Zollinger-Ellison syndrome should be diagnosed. The more the hourly aspirate exceeds 200 ml, the more shouldthepossibility of an islet adenoma be kept in mind.
Published data show that while the basal secretory rate is always high in these patients, the acidity of the basal secretion is not necessarily very high, although it often is so high as to approach the acidity of pure parietal cell secretion. There is seemingly a gradation between different cases of the ratio of acid to alkaline secretion, and both may be stimulated by the unidentified humoral agent secreted by these adenomata.
The effect in these patients of stimulation with histamine or insulin is sometimes paradoxical, producing a reduction of secretory rate. Although this phenomenon was once thought to be peculiar to cases of Zollinger-Ellison syndrome, it is now known that it is merely a result of the high basal rate of secretion. Rapid gastric secretion from any cause may be slowed by administration of histamine or insulin, either because of release of adrenaline, or, in the case of the latter stimulant, because of reduction of blood sugar level (Billington 1959) .
Other Uses ofGastric Analysis Chandler & Watkinson (1959) have emphasized the value of prolonged sampling of the gastric contents in the management of cases of upper gastro-intestinal bleeding. The purposes which they found that it served were (1) the early detection of fresh bleeding, (2) diagnosis of the site of the ulcer by determining whether or not blood is present in the stomach, and by the pattern of nocturnal acidity, and (3) diagnosis of acute from chronic ulcer by the presence or absence of achlorhydria.
Gastric analysis after resection is difficult, but with care it can usually be discovered whether the operation has removed all power to secrete acid or not. If it has, then stomal ulceration is not the cause of any symptoms there may be, although the converse is obviously not true.
Gastric analysis has little place in the diagnosis of gastric carcinoma. High secretory power does not exclude this lesion. Hypochlorhydria is common, and results from the diffuse damage to the glandularis that is part of the mucosal abnormality preceding malignant change.
For the diagnosis of pyloric obstruction, the important measurement is thevolume of thegastric contents after an overnight fast. A large tube must be used. Where obstruction is secondary to benign ulcer, such contents are always acid. 4 In summary, the following are the main uses of gastric analysis:
(1) Diagnosis of achlorhydria: Continuous aspiration during successive periods of twenty minutes. Stimulate with large or repeated doses of histamine. Measure pH.
(2) Diagnosis of nocturnal neutralization: Small samples aspirated every half-hour through the night after an ordinary supper. Measure pH.
(3) Measurement of maximum secretory capacity (Kay's test): Continuous aspiration forfortyfive minutes or one hour after a large dose of histamine. Measure volume and titratable acidity.
(4) Diagnosis of Zollinger-Ellison syndrome: Continuous aspiration for one hour of the fasting unstimulated stomach. Measure volume and titratable acidity.
(5)Diagnosis ofpyloric obstruction: Single aspiration of the fasting stomach. Measure volume and pH.
Dr J H Baron (London)
In the last ten years the number of gastric function tests at the Middlesex Hospital has fallen from 700to44per year. Why has there beenthis sixteenfold drop? Will there soon be no tests at all done?
Gastric function tests of the fractional test meal kind have been available for routine clinical use for nearly half a century, and hundreds of thousands, if not millions, of people all over the world must have suffered the very real discomforts of fasting, intubation and one or more unpleasant stimuli. Such tests were thought reasonable at the time but cannot bejustified now; apart from the finding of acid excluding a diagnosis of pernicious anmmia, they are too arbitrary and unrepeatable to be of value in physiology or clinical diagnosis. They fail because the stimuli are inadequate, and because the results represent the concentration of acid in samples of mixed gruel and gastric juice, and depend on the rate of emptying as well as the rate of secretion of the stomach.
In the same ten years three meaningful tests have been developed: Hunt's (1951) serial test meal, twenty-fourhour pH test, and augmented histamine test. Kay using continuous suction, measured acid output (volume multiplied by concentration) and increased the stimulus of injected histamine from the too long sacrosanct 0-5 mg (about 0-01 mg/kg for a 50 kg man). Kay found that the amount of acid increased with bigger doses up to a maximum at 0-04 mg/kg when every parietal cell is presumably maximally stimulated.
This is not a test of what the stomach does do, but suitablymodified it is, I believe, the best test of what the stomach can do. Unfortunately, without X-ray control a tube, blindly passed, may be knotted in the fundus, may have passed into the duodenum, or may not have entered the stomach, being curled in the pharynx, the oesophagus or even the right bronchus. In the last two years I have been studying basal and maximum secretion, and have screened every patient, manceuvring the end of a radiopaque tube into the body of the stomach. I collect gastric juice for an hour before the antihistamine and then for an hour after the histamine, as 4 fifteen-minute samples.
Since different workers collect their samples over different periods of time, I tried to analyse all possible variables. Some workers measure the output for forty-five or sixty minutes after histamine. Kay found a peak period of acid secretion, which occurred fifteen to forty-five minutes after the histamine. But from examination of the 4 fifteen-minute specimens after histamine I find that this peak occurs in the middle half-hour in less than half (92 of 200) the tests, and that the position of the peak half-hour may vary from day to day in the same patient. I therefore take the value for that half-hour of secretion which is maximum, whichever of the three it be.
To find which test is best I took 10 patients with duodenal ulcer, did 2 to 5 augmented histamine tests on each, and then made every possible calculation, including the coefficient ofvariation ofeach of 31 variables, for each of the 31 tests. Basal secretion varies greatly from day to day. For each output measurement (volume, free or total acid., parietal component) the least variation is found by taking this peak half-hour value rather than the peak quarter-hour, the mid-half-hour, the threequarter-hour or the whole-hour value, or by subtracting the basal value from the histamine hour value. I therefore consider my peak half-hour value the best estimate of the maximum output of mEq of hydrochloric acid (measured by titration to neutrality with phenol red).
Normal men produce twice as much acid as normal women. Male patients with duodenal ulcer produce twice, and women patients nearly three times, the normal acid output. There is an apparent threshold below which patients do not develop duodenal ulcers, but since only half the patients with duodenal ulcer have acid outputs above the highest normal value, and many normal people secrete as much acid as half the patients with duodenal ulcer, hypersecretion can only be permissive. The peak acid output in gastric ulcer, carcinoma of the stomach, non-ulcer dyspepsia, and combined gastric and duodenal ulceration all fell within the normal range. Of 10 patients with disease of the small intestine, 8 had megaloblastic anemia or evidence of malabsorption of vitamin B12. Because in each case their acid output was within normal limits I could state confidently that none had pernicious anmmia (which is always associated with an absolute histamine-fast achlorhydria) and therefore must have some disease of the intestine. In fact 5 had Crohn's disease, 2 had coeliac disease and 1 patient had multiple jejunal strictures.
As research tools, tests of gastric function will continue to help us to understand human alimentary disease and the effects of medical and surgical treatment. Clinically, tests can only help in diagnosis of those diseases which have been proved to be associated with decreased or greatly increased secretion. Thus in megaloblastic anemia an augmented histamine test is essential to demonstrate the true achlorhydria of pernicious anamia. Although, in practice, peptic ulcers are usually diagnosed by the radiologist, hypersecretion may indicate the diagnosis in half the patients with duodenal ulcer and may help in choosing patients for surgery and assessing post-operative complaints, especially in stomal ulcer associated with an inadequate gastrectomy, a retained pyloric antrum, or the Zollinger-Ellison islet cell tumour of the pancreas. Dr J P Bingle and Dr J E Lennard-Jones1 (Leeds andLondon)
Repeated Sampling of Gastric Contents as a Test of Gastric Function
The augmented histamine test gives a measure of how much acid the empty stomach can secrete under powerful stimulation. The serial test meal, or one of its modifications, using a sugar or electrolyte solution, gives a measure of gastric acid secretion and emptying under the particular conditions of the experiment. For some purposes it seems desirable to measure the acidity of the gastric contents under as normal conditions as possible. Such a test may lack the exactitude of more refined techniques but it yields information of clinical interest, particularly when applied to the study of different remedies used in the treatment of peptic ulcer.
The technique we have used was introduced by and we have published our method and results in more detail elsewhere (Bingle & Lennard-Jones 1960) . The tip of a fine nasogastric tube is placed fluoroscopically in the likely position of the gastric antrum, hourly samples of gastric contents are withdrawn and are stored in a refrigerator until their pH is measured with a sealed glass electrode. When several observations, each under different conditions, are made on a series of patients, the order of the test periods is varied from patient to patient according to a pre-arranged latin-square pattern.
To illustrate the application of the method, Fig  1 shows the mean acidity of gastric contents, converted to an arithmetic scale, obtained at each hour of the day for 12 patients with typical duodenal ulcer and given two different diets. On one day they took a standard bland gastric-type diet and on another day they took 120 ml of a mixture of 3 parts milk and 1 part light cream hourly during waking hours without other food. Samples were withdrawn hourly on the hour, and just before meals or milk-cream drinks. On the day when the bland diet was taken, the acidity fell after each meal and slowly rose again to reach a maximum just before the next meal. The acidity was highest around midnight but declined during the night to a minimum at about 6 a.m. In contrast, whenhourly drinks of milk-cream were taken, the acidity remained continuously at a high level. The difference between the mean acidity on the two diets at 9 a.m., 1 and 2 p.m., and 7 and 8 p. The results can also be expressed as a histogram (Fig 2) , each section of which compares the number of samples from all 12 patients in a particular pH range under two different conditions. There were fewer samples more acid than pH 2 when the bland diet was taken than when milk-cream drinks were taken, and there was a corresponding increased proportion of less acid samples when the diet was taken. The significance of these differences can be assessed by the x2 test (n=4) and in this instance the differences are such as might have occurred by chance once in a hundred times. Fig 1 shows that the differences can be attributed to the buffering action of meals.
The mean acidity found at each hour of the day when the same 12 patients took the diet with and without a long-acting form of propantheline bromide, 240 mg daily, is shown in Fig 3. There is some reduction in the peak acidities before meals and at night after propantheline but the differences at these times are not statistically significant. When the results are expressed as a histogram (Fig 4) it is apparent that there were significantly (p=0 02) fewer very acid samples when propan-theline was taken than on the control day. Whether this reduction in acidity is enough to be clinically significant we cannot say.
These examples are presented to show that repeated sampling of gastric contents can yield informration of value about gastric function under near-normal conditions.
We thank the Editor of Gut for permission to reproduce the figures. This study was undertaken with the object of assessing the value of gastric function tests in the diagnosis of ulcer-like dyspepsia in patients in whom radiology was negative. The tests were done under routine conditions although personally supervised by one of the authors, and the study gives an estimate of their value as a normal diagnostic procedure.
We selected as gastric function tests the augmented histamine test of Kay, hourly sampling of gastric contents for estimation of pH and the urinary excretion of pepsinogen estimated by the method of Sircus (1954) . Each test was performed in 20 patients with ulcer-like pain but in whom all investigations were negative. We also performed the three tests in 20 patients with a radiologically proven chronic duodenal ulcer and 20 patients with a proven chronic gastric ulcer, in order to determine if the tests would have been helpful in diagnosis had other methods been unavailable. Fig 1 presents the results of the uropepsinogen estimation in these patients. The results are as expected, with the duodenal ulcer values being greater than those in gastriculcer. Thevalues in the X-ray-negative cases were similar to those of the gastric ulcer cases. In a control series of 20 normal males and 20 normal females the upper 5 % probability limits were 200 units for females and 300 units for males. Thus unusually high values were obtained in 11 of 20 patients with duodenal ulcer, 3 of 20 with gastric ulcer and 4 of 20 of the X-ray-negative group. ' At the time Fig 1 was prepared the X-raynegative group had been followed up for eighteen months and a diagnosis of peptic ulcer had been made in 5 (4 of duodenal ulcer and 1 of gastric ulcer). Two of the 4 had uropepsinogen excretion rates outside the 5 %limits and the tests could have contributed to the diagnosis. The patient who had the highest value in the X-ray-negative group, and who had the highest value of all female patients, has had two laparotomies without any lesion being discovered. Fig 2 presents values shows clearly that although statistical differences between the groups of patients occur, the range of values both in our groups and in normals was too large for the test to have much diagnostic significance intheindividual case. Even ifnocturnal values alone are considered no further diagnostic information is obtained. However, where the presence of anulcer can be presumed the test may give some indication of its nature and site.
We concluded that, considering the relative diagnostic rewards and convenience of the tests, the uropepsin excretion is the most valuable single test, but that even this is of little help in individual cases.
